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age	 area	 and	 anthropogenic	 disturbance,	 and	 the	 presence	 of	 strong	 competitors	
were	associated	with	Faxonius	 occurrences.	Faxonius	 occurrences	were	associated	
with	 assemblage-	structuring	variables:	 lithology	 and	elevation.	More	 interestingly,	
we	found	several	patterns	of	 interactions	between	drainage	area	and	disturbance.	
The	most	 common	 pattern	 among	 several	 species	was	 a	 decline	 in	 occurrence	 in	
larger	drainages	when	disturbance	was	high;	however,	longpincered	crayfish	(Faxonius 






rences	 relate	 to	 interactions	between	disturbance	and	natural	 landscape	 features.	
Further,	our	results	suggest	competitor	presence	also	plays	a	role	in	structuring	dis-
tributions	at	the	stream	segment	scale.	Our	findings	emphasize	the	value	of	consider-
ing	 both	 competitor	 presence	 and	 interactions	 among	 landscape	 variables	 and	
disturbances	in	structuring	crayfish	assemblages.
K E Y W O R D S
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1  | INTRODUC TION











contract	 the	 range	of	others	 (i.e.,	brook	 trout	 [Salvelinus fontinalis] 
and	arctic	char	 [Salvelinus alpinus];	Chu,	Mandrak,	&	Minns,	2005).	
Additionally,	 these	 coarse-	scale	 factors	 interact	 to	 determine	 the	
physicochemical	conditions	at	finer	scales	(Frissell,	Liss,	Warren,	&	








the	 relative	 importance	of	each	may	depend	on	 the	spatial	extent	
examined	(MacArthur,	1972;	as	cited	in	Wiens,	2011).	For	example,	
the	range	limits	imposed	on	a	species	may	be	partially	due	to	ther-
mal	 tolerances,	 but	 also	due	 to	 the	distribution	of	 important	prey	
items	(Wiens,	2011).	Evidence	for	biotic	 interactions	in	structuring	
distributions	 is	 most	 apparent	 at	 fine	 spatial	 scales.	 For	 example,	
gapped	ringed	crayfish	(Faxonius neglectus chaenodactylus	[Williams,	







tribution	 of	 aquatic	 organisms	 and	 available	 conservation	 actions,	
but	the	data	driving	these	actions	are	lacking	for	some	ecologically	
important	taxa.
Crayfish	 comprise	 a	 globally	 diverse	 group	 of	 invertebrates	
and	are	keystone	species	in	North	American	streams.	At	least	382	
crayfish	 species	 occur	 in	North	America,	 and	 an	 estimated	 48%	
are	at	 risk	of	extinction	 (Taylor	et	al.,	 2007).	Threats	 to	 the	per-
sistence	of	many	crayfishes	include	habitat	alteration,	narrow	dis-
tributions	and	interactions	with	 invasive	crayfishes	(Hamr,	2002;	
Taylor	 et	al.,	 2007).	 Crayfish	 are	 both	 nutrient	 cyclers	 and	 food	
sources	 for	many	 other	 animals	 (Momot,	 1995;	Nystrom,	 2002).	
Crayfish	 are	 also	 consumed	by	more	 than	200	 animals	 in	North	
America	 including	 fishes,	 invertebrates,	 amphibians,	 birds	 and	
mammals	(DiStefano,	2005).	Changes	in	crayfish	populations	can	
significantly	 alter	 stream	 ecosystems	 by	 either	 reducing	 or	 in-
creasing	 populations	 of	 algae,	 macrophytes,	 macroinvertebrates	
and	fishes	(James,	Slater,	Vaughan,	Young,	&	Cable,	2015;	Lodge,	
Taylor,	Holdich,	&	 Skurdal,	 2000).	 Estimates	 of	 crayfish	 second-
ary	production	 can	exceed	production	of	 all	 other	 invertebrates	





Crayfish	 distributions	 have	 been	 related	 to	 both	 abiotic	 and	
biotic	 conditions	 at	 coarser	 scales.	 Lithology	 and	 soils	 relate	 to	
crayfish	distributions	because	of	 their	 influence	on	water	chem-
istry,	 hydrology	 and	 crayfish	 burrowing	 success	 (Dyer,	 Brewer,	
Worthington,	 &	 Bergey,	 2013;	 Nolen,	 Magoulick,	 DiStefano,	
Imhoff,	 &	 Wagner,	 2014;	 Westhoff,	 Rabeni,	 &	 Sowa,	 2011).	
Elevation	 and	 stream	order	 are	 hypothesized	 drivers	 of	 crayfish	
distributions	due	 to	 associated	 changes	 in	 stream	discharge	 and	
water	 velocities	 (Dyer	 et	al.,	 2013;	 Nolen	 et	al.,	 2014).	 Crayfish	
also	 have	 varying	 tolerances	 to	 the	 physicochemical	 conditions	
associated	with	agricultural	land	use	(Nolen	et	al.,	2014;	Westhoff	
et	al.,	 2011).	 How	 biotic	 interactions	 among	 native	 crayfishes	
shape	species	distributions	 is	 rarely	 studied	 (James	et	al.,	2015).	
Although,	interactions	between	invasive	and	native	species	often	
result	 in	 the	 decline	 or	 extirpation	 of	 native	 species	 because	 of	
competitive	disadvantages	(Twardochleb,	Olden,	&	Larson,	2013).	
Research	 examining	 assemblage	 structure	 rarely	 includes	 inter-
actions	 between	 natural	 landscape	 factors	 (e.g.,	 lithology)	 and	
human	 disturbance	 (hereafter	 referred	 to	 as	 disturbance)	 or	 the	
influence	 of	 hypothesized	 competitors.	 Understanding	 interac-
tions	 between	 natural	 conditions	 and	 disturbance	 would	 aid	 in	









The	 genus	 Faxonius	 is	 native	 to	 eastern	 North	 America	 (Hamr,	
2002),	 comprises	 ~25%	 (88	 species)	 of	 the	 crayfish	 fauna	 there	
(Crandall	 &	De	Grave,	 2017)	 and	 represents	 approximately	 21%	
of	 the	 imperilled	 crayfish	 species	 (Hamr,	 2002).	 In	 addition	 to	
their	ecological	 importance	 in	 lotic	ecosystems,	 some	species	of	
Faxonius	are	also	of	economic	and	cultural	interest	(Hamr,	2002).	
For	 example,	 virile	 crayfish	 (F. virilis	 [Hagen,	 1870])	 is	 harvested	
commercially	from	the	wild	and	several	studies	have	evaluated	its	
economic	 potential	 (Hamr,	 2002).	 Recognizing	 the	 coarse-	scale	
drivers	of	crayfish	distributions	allows	managers	to	determine	po-
tentially	 invasive	 species	 (Westhoff	 et	al.,	 2011),	 identify	 critical	
habitat	(Westhoff	et	al.,	2011)	and	focus	their	monitoring	efforts	
(Wall	&	Berry,	2006).




east	 Oklahoma,	 southern	 Missouri,	 south-	east	 Kansas	 and	
northern	 Arkansas	 (Figure	1).	 The	 Ozark	 Highland	 ecoregion	 is	





verted	 to	 pasture	 (Woods	 et	al.,	 2005).	Ozark	Highland	 streams	
support	a	diverse	aquatic	assemblage,	which	has	evolved	because	
of	 the	 variety	 of	 aquatic	 habitats	 (Pflieger,	 1996).	 Twenty-	five	
crayfishes	are	native	to	the	Ozark	Highlands,	and	18	are	members	
of	 Faxonius	 (Hobbs,	 2001;	 Pflieger,	 1996).	 Of	 these	 18	 Faxonius 




Highlands	 ecoregion	 from	 various	 sources	 (n = 134	 sites,	 Table	1,	
Figure	1).	We	 sampled	 crayfishes	 in	 the	 Neosho	 and	 Illinois	 river	
drainages	 from	 2014	 to	 2015.	 Crayfish	 were	 sampled	 using	 tow-	
barge	 electrofishing	 during	 systematic	 and	 intensive	 fisheries	 sur-
veys	 (a	 detailed	 approach	 is	 described	 in	 Mollenhauer,	 Mouser,	
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Spring	River	basins.	These	existing	survey	data	used	either	hand	net-
ting	or	seines	to	collect	crayfish	from	a	variety	of	habitats	(Table	1).
All	 crayfish	 surveys	were	assigned	 to	a	 stream	segment	 (i.e.,	 a	
length	of	stream	between	first-	order	tributary	confluences)	nested	
within	USGS	12-	digit	catchment	boundaries	 (https://nhd.usgs.gov/
wbd.html).	 We	 imported	 global	 positioning	 system	 coordinates	





We	determined	 drainage	 area,	 slope	 and	mean	 elevation	 for	 each	




and	 (b)	 the	area	drained	directly	 to	the	stream	segment	 (hereafter	
segmentshed).	We	calculated	segmentshed	because	it	better	repre-
sents	 local	conditions,	such	as	riparian	corridors,	 that	may	directly	










and	 development;	 (b)	 a	 disturbance	 index	 that	 incorporated	 all	
land	 use	 types	 for	 the	 stream	 segment	 scale;	 and	 (c)	 the	 same	
disturbance	 index	 at	 the	 catchment	 scale.	 Land	 use	 data	 were	






We	 developed	 variables	 for	 model	 inclusion	 that	 represented	
disturbances	related	to	agriculture	and	other	developed	 lands.	We	
calculated	 both	 proportions	 of	 cultivated	 crops	 and	 pasture	 land	
use	across	stream	segments	to	isolate	disturbances	to	Faxonius	as-
semblages	 that	might	be	 related	 to	 agriculture.	We	also	 created	 a	
variable	that	represented	developed	 lands	that	did	not	encompass	
the	aforementioned	categories	by	combining	proportions	of	(a)	de-














coefficients).	 The	 categories	 detailed	 in	 Brown	 and	 Vivas	 (2005)	
were	finer	resolution	compared	to	those	available	in	the	NLCD,	thus	
allowing	 two	 or	more	 categories	 to	 occur	 in	 one	NLCD	 category.	
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In	these	cases,	we	averaged	the	categories	from	Brown	and	Vivas	
(2005).	 For	 example,	 Brown	 and	 Vivas	 (2005)	 described	 several	
available	 pasture	 categories:	 woodland	 pasture	 (2.02),	 improved	
pasture	 without	 livestock	 (2.77),	 improved	 pasture	 low	 intensity	
with	livestock	(3.41)	and	improved	pasture	high	intensity	with	live-
stock	 (3.74).	 All	 four	 of	 these	 categories	 were	 contained	 within	
one	NLCD	category	(“pasture/hay”),	and	we	averaged	the	four	cat-
egories	 to	 obtain	 a	 single	 coefficient	 (2.99)	 for	 pasture.	Our	 final	
coefficients	were	as	follows:	open-	space	development	(1.83),	 low-	
intensity	development	(7.31),	medium-	intensity	development	(7.31),	
high-	intensity	 development	 (8.67),	 pasture/hay	 (2.99),	 cultivated	
crops	(4.54)	and	undisturbed	(1.00).	Undisturbed	included	all	other	
land	use	categories	(i.e.,	open	water,	barren	land,	deciduous	forest,	
evergreen	 forest,	 mixed	 forest,	 shrub/scrub,	 herbaceous,	 woody	
wetlands	and	emergent	herbaceous	wetlands).	Low-	and	medium-	
intensity	 development	 received	 the	 same	 coefficient	 because	 the	







to	 understand	 their	 relationships	 with	 Faxonius	 occurrences.	 We	
chose	to	analyse	lithology	at	only	the	catchment	scale	because	we	
expected	 the	 effects	 of	 lithology	 on	 local	 conditions	 to	 occur	 at	






a	 cumulative	 disturbance	 index	 for	 each	 catchment	 as	 described	
above	for	segments.
2.4 | Presence of strong competitors
Many	crayfishes	have	the	potential	to	become	invasive	if	estab-
lished	outside	their	native	ranges;	however,	successful	invasions	
for	 some	 species	 have	 been	 documented.	 For	 example,	 ringed	
crayfish	 (F. neglectus neglectus	 [Faxon,	 1885]),	 gapped	 ringed	
crayfish	 and	 virile	 crayfish	 are	 native	 to	 the	 Ozark	 Highlands,	
but	 have	 become	 established	 outside	 of	 their	 native	 range	 due	
to	 their	 environmental	 tolerance,	 high	 fecundity	 and	 large	 size	
(Filipová,	Holdich,	Lesobre,	Grandjean,	&	Petrusek,	2010;	Larson	
&	Olden,	2010;	Rabalais	&	Magoulick,	2006).	Therefore,	we	hy-
pothesized	 that	 the	 presence	 of	 these	 strong	 competitors	 (i.e.,	
ringed	 crayfish,	 gapped	 ringed	 crayfish	 and	 virile	 crayfish)	 in	 a	
stream	segment	would	 influence	the	occurrence	of	other	native	
crayfishes.	Thus,	we	included	an	indicator	variable	that	described	
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2.5 | Analyses
We	 included	 most	 crayfish	 species	 and	 subspecies	 encountered	
during	 the	 surveys	 in	 our	 analyses	 (Table	2).	We	 excluded	Meek’s	
crayfish	(F. meeki meeki	[Faxon,	1898])	because	it	was	found	in	only	
one	 stream	 segment.	We	 included	 the	 subspecies	 ringed	 crayfish,	
gapped	ringed	crayfish	and	Meek’s	short	pointed	crayfish	(F. meeki 
brevis	 [Williams,	 1952])	 because	 we	 were	 interested	 in	 potential	
differences	 in	 factors	driving	occurrence.	For	surveys	 that	did	not	
identify	 ringed	crayfish	 to	 the	 subspecies	 level,	we	assigned	cray-
fish	to	respective	subspecies	using	distributions	defined	via	genetic	
analyses	(Dillman,	2008).	Collections	that	identified	subspecies	also	







We	 fitted	models	using	 the	package	 lme4	 (Bates,	Mächler,	Bolker,	
&	Walker,	2014)	in	the	statistical	software	R	(version	3.3.0;	R	Core	
Team,	 2016).	 Faxonius	 occurrence	was	 a	 binary	 response	 variable	
(i.e.,	we	assigned	a	one	if	the	species	was	encountered	in	the	stream	
segment	 and	 a	 zero	otherwise),	 and	we	 specified	 a	binomial	 error	
distribution	with	a	logit	link.	The	models	included	random	catchment	








random	effect	allowed	us	 to	model	all	 species	 simultaneously	and	
provided	more	appropriate	comparisons	among	species	than	treat-
ing	 species	 as	 a	 fixed	 effect	 or	 comparing	 single-	species	 models	
(Jamil,	Ozinga,	Kleyer,	&	ter	Braak,	2013).	All	continuous	predictor	









variable	 and	 lithology,	 and	 interactions	between	 continuous	 vari-
ables	with	a	Pearson’s	pairwise	correlation	coefficient	 (|r|)	≤	0.50.	
The	main	 effects	 of	 the	 predictor	 variables	were	 not	 considered	
initially	because	the	random	model	components	partly	accounted	
for	 them,	 and	 it	 allowed	 us	 to	 better	 isolate	 species-	dependent	







to	add	variables	with	 this	 forward-	selection	process	until	 the	ad-
dition	 of	 variables	 no	 longer	 decreased	 SigAIC	 by	 at	 least	 one.	
After	 each	 step,	 we	 eliminated	 remaining	 continuous	 variables	
with	 |r|	≥	0.50	with	 retained	 variables,	 along	with	 any	 interaction	
terms	 that	 included	 the	 eliminated	 variable.	 For	 the	 next	model-
ling	 step,	we	determined	 if	 an	 indicator	variable	 representing	 the	
presence	of	one	or	more	strong	competitor	species	explained	ad-
ditional	variation	in	crayfish	occurrence	using	the	same	SigAIC	cri-
teria.	We	 assigned	 a	 zero	 to	 the	 indicator	 variable	 for	 all	 species	





zero	 for	 that	 stream	 segment	 if	 it	was	 the	 only	 one	 of	 the	 three	
species	found	within	that	segment.	Finally,	we	added	the	common	
slopes	 (i.e.,	 main	 effects)	 for	 retained	 variables	 to	 complete	 the	
GLMM;	however,	these	cannot	be	interpreted	independent	of	the	
species–environment	interactions.
For	 the	 final	 model,	 we	 assessed	 both	 fit	 and	 the	 amount	 of	
variation	 explained	 in	 Faxonius	 occurrence	 among	 observations.	
Because	traditional	residual	plots	are	uninformative	for	models	with	












cies	 presence–absence	 at	 sites)	 to	 compare	model	 predictions	 for	
each	of	the	CV	tests.	The	remaining	90%	of	the	data	served	as	the	
“training	set”	for	each	test,	where	we	fitted	models	using	the	param-











the	predicted	 state	 to	 the	observed	 state	 for	 each	observation	 in	
the	test	sets.






species	 (in	 descending	 order)	 were:	 the	 Ozark	 crayfish	 (F. ozarkae 
[Williams,	1952])	that	was	found	in	59	stream	segments,	virile	cray-






Environmental	 variables	 at	 both	 the	 catchment	 and	 stream	 seg-
ment	 scales	 varied	 considerably	 (Table	3).	 Thirty-	nine	 catchment	
variables	were	 classified	 as	 dolostone,	 48	were	 classified	 as	 lime-
stone	 and	 six	were	 classified	 as	 “other”	 lithology.	Both	 the	 catch-
ment	and	segment	disturbance	indices	ranged	from	mostly	natural	
(1.14	and	1.01)	to	highly	disturbed	(5.73	and	5.84).	Most	segments	
had	 little	 disturbance,	 but	 some	were	 nearly	 all	 pasture	 or	 devel-
oped.	Almost	 80%	of	 the	 segments	 (106	 of	 134)	 had	 small	 drain-
age	areas	 (<200	km2),	but	 three	segments	had	comparatively	 large	
drainage	areas	(>20,000	km2).	The	segmentshed	was	typically	small	
(<50	km2).	Slope	among	stream	segments	 ranged	from	0.00001	to	
0.029.	 Elevation	 varied	 the	 least	 among	 segment-	scale	 variables.	
At	least	one	strong	competitor	species	was	encountered	at	63	seg-
ments,	where	 two	 competitors	were	 encountered	 at	 53	 of	 these.	





age	 area,	 and	 catchment	 geology	 (Table	2).	 The	 most	 correlated	
variables	 in	 the	 final	model	were	 land	use	and	elevation	 (r = 0.37,	
see	 Supporting	 Information	 Table	 S1	 for	 correlations	 among	 all	
variables).	The	predictor	variables	explained	46%	of	 the	variation	
in Faxonius	occurrence	among	observations.	The	conditional	R2	for	
the	 final	model	was	0.86,	which	 suggests	 it	 accounted	 for	a	 con-
siderable	 amount	 of	 variation	 in	 Faxonius	 occurrence	 (i.e.,	 either	
explained	by	predictor	variables	or	controlled	for	by	random	inter-
cepts).	There	was	more	remaining	variation	in	Faxonius occurrence 
associated	 with	 sampling	 gear	 (variance	±	SD:	 0.86	±	0.93)	 than	
unidentified	 catchment-	level	 factors	 (variance	±	SD:	 0.24	±	0.49).	
Seining,	on	average,	tended	to	encounter	more	crayfishes	(intercept	
1.14	 SD	 from	 the	mean)	 than	 electrofishing	 (−0.03	 SD)	 and	 hand	
netting	(−0.73	SD).
Variation	 in	 Faxonius	 occurrence	 among	 stream	 segments	was	
related	 to	 elevation	 and	 competition	 (Table	2).	With	 other	 factors	
in	 the	 model	 held	 constant,	 longpincered	 crayfish	 (F. longidigitus 
[Faxon,	1898]),	Neosho	midget	crayfish	(F. macrus	[Williams,	1952]),	
Meek’s	shortpointed	crayfish,	gapped	ringed	crayfish,	midget	cray-
fish	 and	Williams’	 crayfish	 (F. williamsi	 [Fitzpatrick,	 1966])	 had	 no	
relationship	with	elevation	 (Table	2).	 Spothanded	 crayfish	 (F. punc-
timanus	 [Creaser,	 1933])	 was	more	 likely	 to	 occur	 at	 lower	 eleva-
tions,	whereas	 virile	 crayfish	 and	 golden	 crayfish	were	 associated	
with	higher	elevations	(Figure	2).	For	most	species	(i.e.,	longpincered	
crayfish,	 Neosho	 midget	 crayfish,	 Meek’s	 shortpointed	 crayfish,	
gapped	 ringed	 crayfish,	 ringed	 crayfish,	 midget	 crayfish	 and	 spo-
thanded	crayfish),	 the	presence	of	a	strong	competitor	 resulted	 in	
lower	occurrence	probability	(Table	2).	Golden	crayfish,	Ozark	cray-
fish	and	Williams’	crayfish	showed	no	relationship	with	competitors.	
Variable Scale Minimum Maximum Mean ± SD
Disturbance	
index
Catchment 1.14 5.73 1.92	±	0.69
Disturbance	
index
Stream	segment 1.01 5.84 1.86	±	0.69
Cultivated	
crop
Stream	segment 0 0.24 0.01	±	0.03
Pasture Stream	segment 0 0.78 0.30	±	0.22
Developed Stream	segment 6.74	×	10−4 0.93 0.09	±	0.13
Drainage	area	
(km2)
Stream	segment 1.23 28637.21 705.41	±	3724.60
Segmentshed	
(km2)
Stream	segment 6.30	×	10−3 50.39 5.58	±	8.80
Slope Stream	segment 1.00	×	10−5 0.03 6.20	×	10−3	±	5.60	×	10−3
























fish	 and	 golden	 crayfish	 were	 associated	 with	 higher	 occurrence	






(Table	2).	 Gapped	 ringed	 crayfish,	 longpincered	 crayfish	 and	 spo-
thanded	crayfish	were	more	 likely	 to	occur	 in	 catchments	 charac-
terized	by	dolostone,	whereas	 ringed	 crayfish	were	more	 likely	 to	





































creases	 in	agricultural	and	urban	 land	uses	 influence	crayfish	dis-
tributions	(Frisch	et	al.,	2016;	Westhoff	et	al.,	2011).	For	example,	
the	stone	crayfish	Austropotamobius torrentium	was	negatively	re-
lated	 to	 increased	 proportions	 of	 intensive	 grassland,	 which	 was	
attributed	to	fertilizer	or	manure	polluting	the	stream	(Chucholl	&	
Schrimpf,	 2016).	 Agricultural	 land	 use	 and	 urbanization	 often	 in-
crease	nutrient	levels	and	alter	both	the	sediment	and	flow	regimes	
of	streams	(Heitke,	Pierce,	Gelwicks,	Simmons,	&	Siegwarth,	2006;	






been	 observed	 for	 fishes	 (e.g.,	 smallmouth	 bass	 densities	 and	 in-
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Powers,	2014),	these	types	of	analyses	have	rarely	been	performed	
for	crayfishes.
We	 observed	 multiple	 patterns	 between	 Faxonius occurrence 






Kottmyer,	 2009;	Westhoff,	 Guyot,	 &	 DiStefano,	 2006).	 Thus,	 an-
thropogenic	 changes	 to	 the	 landscape	may	 result	 in	 unfavourable	
conditions	for	species	such	as	Williams’	crayfish.	We	observed	other	
species	 (e.g.,	 ringed	 crayfish)	 that	were	 positively	 associated	with	
larger	 drainages,	 regardless	 of	 disturbance.	 The	 ringed	 crayfish	 is	
considered	a	habitat	generalist	and	is	a	problematic	invasive	species	
(Schainost,	2011).	Species	 like	 the	 ringed	crayfish	may	be	 tolerant	
to	the	changes	in	local	physicochemical	conditions	associated	with	
the	 cumulative	 disturbance.	 Longpincered	 crayfish	 occurrence	 in-
creased	in	streams	with	larger	drainage	areas	and	more	disturbance.	











inant	 species	 in	 streams	where	 they	are	observed	 (Pflieger,	1996).	
Surprisingly,	 ringed	crayfish	and	gapped	ringed	crayfish	were	neg-
atively	 associated	with	 the	 presence	 of	 other	 strong	 competitors.	
Virile	 crayfish	 tend	 to	 be	 larger,	 more	 fecund	 and	 have	 a	 wider	







associated	 with	 catchment-	scale	 lithology;	 interestingly,	 most	
species	 more	 likely	 to	 occur	 in	 lithology	 other	 than	 limestone	 or	
dolostone.	Multiple	 lithology	 types	 (i.e.,	 shale,	 sandstone	 and	 silt-
stone)	were	contained	within	the	category	“other,”	and	we	are	un-
able	 speculate	 on	what	might	 be	 driving	 these	 patterns.	 Crayfish	
are	 typically	 distributed	 across	 a	 variety	 of	 lithologies	 and	 often	
associated	with	sandstone,	shale	and	limestone	areas	that	are	typ-
ically	 basic	with	 an	 abundance	 of	 inorganic	 ions	 in	 the	water	 (Jay	
&	Holdich,	1981).	Ringed	crayfish	and	gapped	ringed	crayfish	were	
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gests	 that	 the	 association	with	 elevation	may	be	 related	 to	 either	
substrate	or	some	other	local	physicochemical	factor	that	we	did	not	
consider	in	our	model	(e.g.,	vegetation).
Imperfect	 sampling	 detection	 applies	 to	 most,	 if	 not	 all,	 spe-
cies	 (Kéry	&	Schmidt,	2008),	 including	crayfishes	 (Magoulick	et	al.,	
2017;	Williams,	Brewer,	&	Ellersieck,	2014);	however,	we	were	un-
able	to	directly	account	for	species	detection	probabilities.	Repeat	




strong	relationships	between	Faxonius occurrence and environmen-




observations	 are	 potentially	 false	 species	 absences,	 absence	 data	




resulting	 in	non-	intentional	 introductions	 (Chucholl,	2013;	Lodge	














tify	 critical	 habitat	 needs.	 Further,	 identifying	 the	 relationships	









might	 target	a	 few	specific	species;	and	 (b)	 resources	directed	at	
buffers	or	 other	protective	measures	 can	 target	 these	 locations.	
Future	 efforts	 would	 benefit	 by	 examining	 the	 interactions	 be-
tween	other	human	stressors	and	natural	basin	characteristics	and	
identifying	 the	 interplay	among	 local	physicochemical	 conditions	
(e.g.,	pool	depths)	within	landscape	constraints.
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a	 wide	 range	 of	 lotic	 species	 to	 address	 specific	 conservation	
and	 management	 questions.	 Activities	 central	 to	 their	 efforts	
include	determining	population	 size,	 occupancy,	 demographics,	
distributions	and	providing	a	scientific	basis	to	guide	conserva-
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